In the present study we investigated the effects of 11 kinds of edible seaweeds (6 brown and 5 red algae) which contain characteristic seaweed dietary fibers on the induction of D -GalN ( D -galactosamine)-hepatopathy in rats (Exps. 1 and 2). Then, the efficacy of various components prepared from Gelidium sp., which was found to alleviate the hepatopathy in Exps. 1 and 2, was examined (Exp. 3). The rats were fed the diets containing various kinds of seaweeds (Exps. 1 and 2), or several components of Gelidium sp. such as total dietary fiber (TDF), soluble dietary fiber (SDF), insoluble dietary fiber (IDF) and dietary fiber-free components (DFFC) (Exp. 3), for 8 d. The rats in all experiments were injected with D -GalN (800 mg/kg body weight) intraperitoneally at the 7th day to induce liver injury and were sacrificed 24 h after the injection of D -GalN. The serum transaminase activities (ALT and AST) and lactate dehydrogenase (LDH) were determined to evaluate the levels of hepatopathy. In Exp. 3, the total GSH concentration in the liver, plasma and cecal contents and organic acid concentration in cecal contents were also evaluated. In Exps. 1 and 2, repressive effects against D -GalN-hepatopathy were shown by four seaweeds Laminaria sp., Gelidium sp., Sargassum fulvellum and Eisenia bicyclis . In Exp. 3, it was found that protective activity in Gelidium sp. against D -GalN-hepatopathy existed not only in the SDF but also in the DFFC fraction. The results in Exp. 3 also indicated that the total GSH but not organic acid concentration in the cecal contents were significantly correlated with serum AST activity, suggesting that the protective effect of Gelidium sp. on D -GalN-hepatopathy in rats is related to GSH metabolism in the intestine. Key Words seaweed, D -galactosamine, Gelidium , agar, glutathione This research was conducted for investigation of the influence of seaweeds on the development of D -galactosamine-induced hepatopathy ( D -GalN-hepatopathy) in rats. Because D -GalN-hepatopathy resembles human acute viral hepatitis histologically, D -galactosamine ( DGalN) intoxication is used as an animal model of fulminant hepatic failure ( 1 , 2 ). D -GalN is converted to UDP-D -GalN by the enzymes in the galactose metabolic pathway in the liver ( 3 ). The exhaustion of UTP caused by the UDP-D -GalN formation process is accompanied by a decrease on hepatocellular UDP, UTP, and UDP-glucose levels ( 4 -6 ). Then, D -GalN prevents the synthesis of RNA and protein in the liver, which leads to a defect in some important cell membrane proteins. Besides the above-mentioned causes, the D -GalN-induced-hepatopathy is thought to be also induced by the increase of mesentery permeability of endotoxin which is a kind of natural hepatotoxin in the intestine ( 7 , 8 ). According to previous studies, bacterial translocation in D -GalNhepatopathy was reduced by intestinal excision or use of an antibiotic which reduces intestinal bacteria in the animals before D -GalN-treatment ( 9 , 10 ). In other reports, medication with gadolinium chloride, which inactivates macrophages in vivo, was shown to lower the level of D -GalN-hepatopathy ( 11 ). These findings suggest that intestinal toxins and some kinds of cytokines are closely related to the mechanism of D -GalNhepatopathy. However, in spite of the well-known hepatopathy model, the mechanism of D -GalN-hepatopathy was not clarified completely.
This research was conducted for investigation of the influence of seaweeds on the development of D -galactosamine-induced hepatopathy ( D -GalN-hepatopathy) in rats. Because D -GalN-hepatopathy resembles human acute viral hepatitis histologically, D -galactosamine ( DGalN) intoxication is used as an animal model of fulminant hepatic failure ( 1 , 2 ) . D -GalN is converted to UDP-D -GalN by the enzymes in the galactose metabolic pathway in the liver ( 3 ) . The exhaustion of UTP caused by the UDP-D -GalN formation process is accompanied by a decrease on hepatocellular UDP, UTP, and UDP-glucose levels ( 4 -6 ). Then, D -GalN prevents the synthesis of RNA and protein in the liver, which leads to a defect in some important cell membrane proteins. Besides the above-mentioned causes, the D -GalN-induced-hepatopathy is thought to be also induced by the increase of mesentery permeability of endotoxin which is a kind of natural hepatotoxin in the intestine ( 7 , 8 ) . According to previous studies, bacterial translocation in D -GalNhepatopathy was reduced by intestinal excision or use of an antibiotic which reduces intestinal bacteria in the animals before D -GalN-treatment ( 9 , 10 ) . In other reports, medication with gadolinium chloride, which inactivates macrophages in vivo, was shown to lower the level of D -GalN-hepatopathy ( 11 ) . These findings suggest that intestinal toxins and some kinds of cytokines are closely related to the mechanism of D -GalNhepatopathy. However, in spite of the well-known hepatopathy model, the mechanism of D -GalN-hepatopathy was not clarified completely.
Recently, the reports concerning foods and food factors which can prevent the progress of D -GalN-hepatopathy have been gradually increasing in number. He et al. proved the preventive effect of dietary fiber sources such as the hemicellulose, chitin, chitosan, algenate, pectin, guar and glucomannan, on D -GalN ϩ lipopolysaccharide-hepatopathy ( 12 ) . It is suggested that various kinds of oligosaccharides and monosaccharides influence the development of D -GalN-hepatopathy, and a depressive effect was observed with galactooligosaccharides such as lactulose and raffinose ( 13 ) . On the other hand, arabinoxylan, which does not contain a galactose moiety, was recently reported to repress DGalN-hepatopathy ( 14 , 15 ) . However, the mechanism by which some kinds of poly-and oligosaccharides attenuate D -GalN-hepatopathy had not been clarified completely. To elucidate the mechanism of the D -GalN-hepatopathy repressive action of some saccharides, it is necessary to accumulate abundant knowledge about the relation between the action of these saccharides and the structure of the effective saccharides. Because seaweed contains many kinds of polysaccharides which are different from the saccharides of vegetables, fruits or those described above, it is considered worthwhile to investigate the influence of seaweed on D -GalN-hepatopathy. Seaweed is one of the traditional sources of Japanese food. The people in various Asian countries have used seaweed as a daily foodstuff for a long time, and nowadays various kinds of seaweed are used as dietary materials around the world ( 16 ) .
In the present study, we investigated the effect of some kinds of brown and red seaweeds which contained major polysaccharides such as alginate, fucoidan, laminaran, carrageenan or agar to explore the repressive action of seaweed on D -GalN-induced hepatopathy (Exps. 1 and 2). Then we examined which one of the components in Gelidium sp., which was shown to have strongest protective effect against the hepatopathy in Exps. 1 and 2, was responsible for such alleviative action of the seaweed (Exp. 3). In the last experiment, we also investigated the involvement of GSH or organic acids in the protective effect. 2. The preparation of the seaweed samples. All seaweeds (Table 1) were washed with distilled water and freeze-dried. Seaweeds were milled to a particle size smaller than 500 m by a TECATOR CYCLOTEC1093 Sample Mill (Tecator, Hoganas, Sweden) and were used for preparation of the experimental diets (Tables 2 and  3 ). Dietary fiber from seaweed was prepared by the modified Prosky method ( 17 ) . Details of the method are indicated in Fig. 1 . The fraction of deionized DFFC which was prepared by passing DFFC solution through both anion and cation exchangers (Dowex ϫ 1 (OH Ϫ ) and Dowex 50 (H ϩ ) respectively) was used for Exp. 3. The concentration of each test sample fraction (TDF, IDF, SDF, DFFC or deionized DFFC) in the diet was set to be equal to that of each fraction in the diet containing dry Gelidium sp. ( Gelidium sp. diet) ( Table 3) .
MATERIALS AND METHODS

Materials
. D -Galactosamine ( D -GalN) hydrochlo- ride,
Animals and diets.
Four-week-old male Wistar rats (weighing 70-90 g) were obtained from CLEA Japan (Tokyo, Japan). The animals were housed in a room at 22Ϯ1˚C, with a 12 h/12 h light-dark cycle. After a commercial pellet diet (CE-2, CLEA Japan) was given to all experimental animals for 3 d, the standard diet prepared based on the formula of AIN93G (18) was given to them for the following 7 d. The rats were then divided so that the average body weight of each group was nearly equal. These rats were used for Exps. 1-3.
4. Experiment 1. Experiment 1 was performed to examine the effects of various kinds of seaweeds on the development of hepatopathy caused by intraperitoneal injection of D-GalN solution. Thirteen groups of 4 rats each were used for Exp. 1 in a screening manner. The rats in 11 groups among the 13 groups (Eucheuma sp., Gracilaria verrucosa, Gelidium sp., Gloiopeltis furcata, Chondracanthus tenellus, Hizikia fusiformis, Undaria pinnatifida, Laminaria sp., Tinocladia crassa, Sargassum fulvellum and Eisenia bicyclis) were fed the diets containing the respective seaweed for 8 d, and the rats of the standard groups and the control group were fed the standard diets for the same days (Table 2) . They were allowed access to the diets and water (tap water) freely during the entire experimental period, except for the removal of their diets for 4 h each before and after the intraperitoneal injection of D-GalN solution as described below. At 7 d of the experimental diet period, all the rats except the standard group were injected with D-GalN solution (800 mg/kg body weight, 300 mg/mL, pH 7.0), and the rats in the standard group were injected with the same volume of physiological saline (0.9% NaCl) instead of D-GalN solution. The D-GalN solution was prepared by the method described previously (15) . Twenty-four hours after the injection of D-GalN solution, blood was drawn from the heart and the internal organs were taken out under pentobarbital sodiumanesthesia. The weight of the liver was measured. Blood samples were centrifuged at 1,200 ϫg for 20 min. The collected serum was used for the measurements of AST, ALT and LDH activities. The serum samples were stored at Ϫ20˚C until the assay.
5. Experiment 2. Experiment 2 was carried out by using enough rats to reaffirm the repressive effect of four seaweeds against the D-GalN-hepatopathy that was suggested in Exp. 1. Treatment of the rats by D-GalN solution or saline, collection of liver, blood and cecum with its contents after 24 h of D-GalN injection was the same as those of Exp. 1.
6. Experiment 3. Experiment 3 was carried out to examine the effects of SDF, IDF and deionized DFFC prepared from Gelidium sp. on the development of hepatopathy caused by D-GalN. After 7 d of control diet period, 8 groups of 9 (or 5) rats each were fed the experimental diets shown in Table 3 , for 8 d. Treatment of the rats with D-GalN solution or saline, collection of blood after 24 h of D-GalN injection was the same as those of Exp. 1. The weight of the liver and cecum with its contents were measured. The cecal contents were immediately used for determination of GSH or organic acids. In a heparinized tube, 1 mL of the collected blood samples was placed for obtaining the plasma after centrifugation at 3,000 ϫg for 10 min. To collect serum, the rest of the blood samples were centrifuged at 1,200 ϫg for 20 min. The serum, plasma and liver were stored at Ϫ80˚C until the analysis described below.
The treatment of the rats was carried out according to the guidelines prescribed by the Faculty of Horticulture, Chiba University and the National Institutes of Health guide for the care and use of laboratory animals (19) .
7. Analysis 1) Activities of serum transaminases and LDH: The serum transaminase activities were determined by Iatrozyme TA-LQ assay kits (Exps. 1 and 2) or Transaminase C-test Wako kit (Exp.3). The serum LDH activity was measured by Lactate dehydrogenase C-test Wako.
2) Assay of glutathione: Glutathione analyses (total glutathione) were performed by the glutathione disulfide reductase/DTNB recycling assay (20) . Each sample of cecal contents was treated in two ways as follows: (1) A part of the cecal content samples was diluted five-fold with physiological saline and was centrifuged at 10,000 ϫg for 15 min at 4˚C. The supernatant was passed through 0.22 m Millipore filters (Millipore, Molshem, France) to obtain cell-free extracts of the supernatant. (2) Another part of untreated cecal contents was diluted five-fold with 100 mM sodium phosphate buffer (pH 7.5) containing 5 mM EDTA (assay buffer) and was sonicated in an ice-bath for 10 min. The suspension was then used for the determination of GSH concentration in the whole cecal contents including bacterial intracellular fluid. These cecal content extracts or plasma samples were added with equal volumes of 5% sulfosalicylic acid (SSA) solution at 4˚C and the supernatants were collected after centrifugation at 12,000 ϫg for 10 min at 4˚C to obtain the protein-free extracts. The liver was homogenized with 9 volumes of 5% SSA solution at 4˚C, and its protein-free extracts were collected after centrifugation at 12,000 ϫg for 10 min at 4˚C. All measurement samples were stored at Ϫ80˚C until the assay of GSH concentration. The following step for assay of GSH was carried out in accordance with method of a previous study (20) .
The extracts of Gelidium sp., TDF, SDF, IDF, DFFC and deionized DFFC which used for experimental diets, were prepared for GSH determination by the method of Malea at al. (21) , and these GSH concentrations were measured as well as by the above method.
3) Determination of the organic acid concentration in cecal contents: Lactic acid, acetic acid, propionic acid, and butyric acid concentrations were analyzed by high-performance liquid chromatography (HPLC) for organic acids. Deionized water (3.5 mL) was added to 0.5 g of the wet cecum contents and homogenized at 4˚C for 2 min. The homogenized samples were centrifuged (at 22,000 ϫg, for 15 min) to collect the upper phases. The upper phases were added with equal volumes of 20 mM 2-ethyl-butyric acid as an internal stan-dard solution. The mixture was passed through a BondElut SCX (Hϩform, size 1 mL/100 mg) cation-exchange cartridge column (Varian Co., Harbor City, CA, USA) and 0.20 m Millipore filters, successively. The final samples (10 L) were injected into the HPLC system which consisted of a Shimadzu Model L-2130 HPLC Pump (Shimadzu Co., Ltd., Kyoto, Japan), an ULTRON PS-80H (8.0 mm I.D.ϫ30 cm), and a Model RI-71 Refractive Index detector (Showa Denko KK, Tokyo, Japan). The sample was eluted with aqueous solution (pH 2.1) adjusted with phosphate at a flow rate of 1.0 mL/min at 60˚C. Area peak quantifications of the organic acids in the eluent were detected by a Hitachi D-2500 Integrator (Hitachi, Ltd., Tokyo, Japan) at 210 nm. The concentration of organic acid in the cecal contents of each rat (milligrams per cecal content) was determined using each organic acid standard.
8. Data analysis. Results are expressed as meanϮSE. The total variation present in a set of data was estimated by analysis of variance (ANOVA) followed by a Bonfferoni multiple comparison test. Student's t-test was also partly used. pϽ0.05 was considered significant. As for the abnormal value, it was judged by the Smirnov-Grubbs test. The statistical analysis was carried out by using the statistical program Excel Toukei version 6.0 (Esumi Co., Ltd., Tokyo, Japan).
RESULTS
Result of Exp. 1
In all experimental groups which are shown in Table  4 , there were no significant differences in final body weight, body weight gain, carcass weight, food efficiency or liver ratios. According to the results of AST, ALT and LDH activities in serum, remarkable repressive effects on the induction of D-GalN-hepatopathy were shown in the Laminaria sp., Gelidium sp., Sargassum fulvellum and Eisenia bicyclis groups.
Results of Exp. 2
The serum AST and ALT activities in the groups ingesting four kinds of seaweed groups were significantly low in comparison with those in the control group (Fig. 2) . Results of Exp. 2 were consistent with those results of Exp. 1.
Results of Exp. 3
Experiment 3 was carried out to examine the effects of TDF, SDF, IDF, DFFC and deionized DFFC prepared from Gelidium sp. on the development of hepatopathy caused by D-GalN. There were no significant differences in final body weight, body weight gain, carcass weight, food efficiency, liver ratios or cecal content. The cecum ratios of the IDF group were low in comparison with those of the deionized DFFC group. However, there was no significant difference between the cecum ratio of the IDF group (or deionized DFFC group) and that of the control group. All groups which were injected with DGalN showed significant increases in serum AST and ALT activities compared with that of the standard group (Fig. 3) . However, serum AST and ALT activities in the Gelidium sp., TDF, SDF, DFFC and deionized DFFC groups were significantly low in comparison with those in the control group. It was indicated that the hepatoprotective action of TDF (SDFϩIDF) was caused by SDF, because the group with IDF did not have a protective effect against D-GalN. In addition, it was indicated that the deionized DFFC of Gelidium sp. has a hepatoprotective action.
1) Organic acids in cecal contents in rats. This measurement was carried out to explore whether organic acids as fermentation products were related to the protective action of the components of Gelidium sp. against D-GalN-hepatopathy. The lactic acid concentrations in the groups with Gelidium sp. and DFFC were high in comparison with those of the other groups ( Table 5) . The acetic acid concentrations in the groups with Gelidium sp. and SDF were higher than those of the other groups. Significant differences in propionic acid and butyric acid were not observed among the groups. No significant statistical correlation between the organic acid concentrations and AST activities was shown (data were not shown).
2) Concentration of GSH in plasma, liver, cecal contents and seaweed samples. This study was designed to determine whether the constituents of Gelidium sp. increase the GSH concentrations in the liver, plasma and cecal contents. There were no significant differences in the liver GSH concentrations among the groups (Table 6 ). The plasma concentration of GSH in the groups with TDF and SDF were significantly higher in comparison with that of the control group. In the group with SDF, the GSH concentration of the plasma was high in comparison with that of the control group. A weak correlation (rϭϪ0.733, pϭ0.069) between the plasma GSH concentrations and serum AST activities in D-GalNtreated individual rats was indicated. On the other hand, in the group with Gelidium sp., TDF, SDF, DFFC or deionized DFFC, the GSH concentration of the cecal contents, which contained intact cecal bacteria, was high in comparison with that of the control group. The correlation coefficient between the GSH concentration of the cecal contents, which contained intracellular fluids of bacteria, and serum AST activities in D-GalNtreated individual rats was rϭϪ0.798 (pϭ0.002). These facts suggested that the extent of D-GalN-hepatopathy was inversely proportional to the GSH concentration in plasma and in cecal contents. However, the correlation coefficient between the GSH concentrations in the supernatant of cecal contents, which did not contain intact bacterial cells, and serum AST activities was rϭ0.384 (pϭ0.236), indicating no significant correlation between these factors. The GSH contents of dried Gelidium sp. and its components (TDF, SDF, IDF, DFFC and deionized DFFC) used for the preparation of experimental diets were extremely small and negligible (Ͻ0.1 nmol/g).
DISCUSSION
In the present study, repressive effects on the induction of D-GalN-hepatopathy were shown by 4 kinds of seaweeds, namely Gelidium sp., Laminaria sp., Sargassum fulvellum and Eisenia bicyclis. The last three are brown seaweeds. The reason why these 3 kinds of brown seaweeds were effective but 3 other brown seaweeds (Hizikia fusiformis, Undaria pinnatifida and Tinodadia crassa) were not has not been speculated on at present as we can not find clear difference of composition between these 2 groups. Since brown seaweeds generally contain alginate (␤-D-mannuronic, ␣-L-guluronic acid joined by 1,4 linkages), laminaran (␤-1,3 glucan) and fucoidan (main polymer of ␣-linked sulfated L-fucose) as major polysaccharides (22) (23) (24) , the measurement of the concentration of these polysaccharides in the used brown seaweeds is necessary to explain the repressive effects of the 3 kinds of brown seaweeds (Laminaria sp., Sargassum fulvellum and Eisenia bicyclis) on D-GalNhepatopathy in comparison with others less effective brown seaweeds. On the other hand, the protective effect of red seaweeds on the D-GalN-hepatopathy was shown only in Gelidium sp., containing agar as major component, and such an effect was not shown in Eucheuma sp., Chondracanthus tenellus, Gracilaria verrucosa or Gloiopeltis furcata, which contain major indigestible materials such an as carrageenan, porphyranas funoran or porphyran. Experiment 3, as the first step to study the repressive mechanism of these four seaweeds on the D-GalN-hepatopathy, was performed using Gelidium sp., which is composed of simple soluble dietary fiber compared with those of brown seaweeds. Experiment 3 was carried out to determine the active component in Gelidium sp. to protect against the D-GalNhepatopathy. DFFC (dietary fiber free components) in Gelidium sp. were estimated to be 32% in dry powdered Gelidium sp., which was used in the present study. Therefore, we had to consider that both the dietary fiber and non dietary fiber component in this seaweed have the possibility of being effective fractions to depress the development of D-GalN-hepatopathy, because there are some reports indicating that materials other than dietary fiber, such as amino acids, inhibited the development of D-GalN-hepatopathy (25, 26) .
In general, total dietary fiber was referred to as a mixture of soluble dietary fiber and insoluble dietary fiber, and so TDF is regarded as the sum of SDF and IDF in the present study. The deionized DFFC fraction might consist of a neutral component without ionized components such as amino acids. The results of Exp. 3 suggested that the depressive effect of Gelidium sp. was derived from SDF (soluble dietary fiber) or deionized DFFC.
It is well known that an agar consists of a mixture of agarose and agaropectin (27, 28) . Some studies reported that ␤-agarase can provide neoagaro-oligosaccharides to cleave the ␤-1,4 bond, while acids (such as 1 No GSH was detected in any sample used for the experimental diets. 2 Diluted cecal contents containing cecal bacteria were disrupted by sonication in an ice-bath for 10 min. 3 The supernatant which were collected by centrifugation was passed through Millipore filters (0.22 m).
citric acid) or ␣-agarase can provide agaro-oligosaccharides to cleave the ␣-1,3 bond (29) (30) (31) . In the present study, we noted the fact that GSH levels of plasma and cecal contents in the group of Gelidium sp, TDF, SDF, DFFC and deionized DFFC had remained rather higher than those of the Control group in spite of the lack of change in the liver GSH (Table 6 ). These facts suggested that the protective effect of Gelidium sp. on D-GalN-induced hepatopathy may be related to its action of maintaining adequate levels of intestinal GSH concentration, because it has been suggested that injected N-acetylcysteine, which is a well-known precursor of glutathione, has a cytoprotective role in the intestinal mucosal barrier and preventive effects on burn injury-induced bacterial translocation (32, 33) . Some reports indicated the role of antioxidants such as GSH is strongly associated with the hepatoprotective effect on D-GalN-hepatopathy. For example, in vivo studies by Seckin et al. suggested that D-GalN may affect liver GSH levels by enhancing ␥-glutamyl transpeptidase activity (34). Gyamfi et al. reported that the activity of liver microsomal GSH S-transferase, which is known to be activated by oxidative stress, was increased by D-GalN treatment and this increase was blocked by the hepatoprotective effect of T. sanguinea, including potent antioxidant activities (35) . Thus, GSH is well-known as an important constituent of intracellular protective mechanisms against a number of noxious stimuli, including oxidative stress and as the major intracellular thiol in eukaryotes and in some bacteria (36) . The synthesis of GSH from glutamate, cysteine, and glycine is catalyzed sequentially by two cytosolic enzymes, glutamylcysteine synthetase (GCS) and GSH synthetase (37) . The liver being the major producer and exporter of GSH, liver GSH synthesis occurs predominantly in perivenous hepatocytes and, to a lesser extent, in periportal cells. Most GSH of biles can be supplied from the liver and transported to the intestine as GSH or amino acids (38) . Probably, the biles, diet and intestinal bacteria are a major supply of the cecumderived GSH. Plasma GSH also originates primarily from the liver, but some of the diets and intestinally derived GSH can enter the portal venous plasma (38) . Plasma GSH concentration is related not only to that in the liver but also to the concentration of GSH precursors such as a glutamate, cysteine and glycine in the diet or intestine (36) (37) (38) (39) . In particular, cysteine supply could play a major role in the GSH composition. However, in the present study, amino acids as precursors of GSH were present at almost the same amounts in all experimental diets (Table 3) , and no GSH of any sample derived from Gelidium sp. was detected by our preliminary examination. In addition, there is a report describing Gelidium sp. as containing only negligible amount of cysteine (40) . From these results, it might be considered that the cecal or intestinal GSH level would probably be one of the simplest factors to change the GSH level in the liver or plasma. This expectation would be further supported by the suggestion of previous reports that the GSH in the intestine may contribute to an increase of GSH levels in the intestine and in other organs, in particular for the treatment of disease-processes involving oxidative or electrophilic damage (41, 42) . Still now, the reason why dietary Gelidium sp., TDF, SDF, DFFC or deionized DFFC increased the GSH level of cecal contents is unknown, although there is a report that Gracilaria tikvahiae (red algae) may have a factor which raises the liver GSH level (43) . The relationship between the protective effect of seaweed on D-GalN-hepatopathy and the GSH level of each organ should be further investigated in the future. However, in the results of this study, one plausible mechanism that can be proposed is that the marked increase of GSH level in cecal contents as a result of repeated intake of some kinds of seaweed would promote the defense mechanism of the D-GalN-hepatopathy which is associated with the bacterial translocation in the intestine.
In conclusion, repressive effects on the induction of D-GalN-hepatopathy were shown in 3 kinds of edible seaweeds, Laminaria sp., Sargassum fulvellum and Eisenia bicyclis as brown algae, and also in Gelidium sp. as red algae (Exps. 1 and 2). In addition, the results of Exp. 3 indicated that repressive components of Gelidium sp. on D-GalN-hepatopathy were derived not only from SDF but also from deionized DFFC. In Exp. 3, we have also found an increase in the GSH concentrations in the cecal contents of the rats fed these materials, and a significant inversely proportional relationship between these GSH concentrations and the serum transaminase activities of these rats after GalN-treatment.
